Introduction
Malignant tumours have the ability to induce the formation of new capillaries from pre-existing blood vessels. This is necessary for sustained tumour growth (1) . The vascular endothelial growth factor (VeGF) system is essential to angiogenesis, and targeting this system has shown promising results (2, 3) . However, because of the toxicity and price of such treatment, reliable predictive markers are urgently needed, and a deeper understanding of the biology of the system is required.
The VeGF family includes several ligands, of which VEGF-A is the most important. VEGF-A binds to two specific receptors, VeGFr-1 (Flt-1) and VeGFr-2 (Kdr or Flk-1). These receptors are mainly expressed on endothelial cells, though they are also found on a wide range of other cells, including cancer cells. VeGFr-1 and -2 are transmembraneous tyrosine kinase receptors; binding of the ligand leads to the dimerization of the receptors, and the activation of their intracellular tyrosine kinase domains. This results in the phosphorylation and activation of several downstream signalling pathways, and eventually the migration, proliferation and survival of endothelial cells and the formation of new capillaries (4, 5) .
it has been demonstrated in several studies that VeGF-a gene expression and protein concentrations are increased in colorectal cancer (crc) compared to normal colorectal tissue (6) (7) (8) (9) , and that VeGF-a may be a prognostic marker for the disease (10) . recently, VeGF-a gene expression and protein concentration was demonstrated to have possible predictive value regarding crc response to chemotherapy and radiotherapy (11) (12) (13) (14) .
in contrast, little is known regarding the biological differences between tumour and normal tissue in terms of the VeGF receptors and their possible clinical relevance. The issue is of considerable interest, as an elucidation of the receptors may serve as the basis for further development of targeted therapies.
The aim of the present study was to perform a quantitative analysis of VeGFr-1 and -2 at the mrna and protein level in tumour and normal tissue from crc patients. To the best of our knowledge, this is the first report on the quantitative analysis of these receptors at the protein level in crc patients.
Materials and methods
Patients. The study included 110 patients with crc undergoing surgical resection of histologically confirmed adenocarcinomas of the colon or rectum at the department of Surgery, Vejle Hospital, denmark. Patients who had received preoperative Quantitative analysis of vascular endothelial growth factor receptors 1 and 2 in colorectal cancer chemoradiation of rectal cancer were excluded. Pre-treatment examinations included a chest x-ray and a uS or cT scan of the abdomen. Post-operatively, the tumours were histologically classified according to the TNM system. The study was approved by the The Danish Scientific Ethical Committee of Southern denmark according to danish law, and informed consent was obtained from all patients enrolled in the study.
Tissue sampling. immediately after surgery, the resected bowel segment was transferred to the department of clinical Pathology. Tumour and normal mucosa samples were collected by a dedicated pathologist. normal samples were removed as far away from the tumour as possible. Samples for rna analysis were placed in rnalater (Qiagen, Mainz, Germany) for further processing and stored at -20˚C. Samples for protein analysis were fresh frozen and stored at -80˚C. All samples were stored within 30 min of surgical removal. Tumour tissue is a mixture of tumour and stroma cells, thus representing the tumour and its microenvironment. based on pathological examination, it was estimated that the tumour tissue used in the present study consisted of at least 80% tumour cells.
RNA isolation and cDNA synthesis. Tissue samples stabilised in rnalater were homogenised using the FaSTPrep system (MP biomedical, Solon, oH, uSa). Total rna was isolated using the rneasy mini kit (Qiagen, Md, uSa). laboratory procedures were performed in accordance with the manufacturer's instructions. RNA quantification was performed using Spectrophotometry (eppendorf, Hamburg, Germany). cdna was synthesised using random hexamer primers and an M-MlV rT kit from invitrogen following the manufacturer's instructions. (GAPDH) . Results were analysed using Normfinder (www.mdl. dk). B2M showed the least variation between the two tissues, and ACTB the second least. Further analysis showed an improvement using the two reference genes; therefore, the combination of B2M and ACTB was selected. normalization was performed using the geometrical mean of the two reference genes. The assays used were: Human b2M endogenous control (FaM / MGb Probe, non-Primer limited), Part number 4333766F, and Human acTb endogenous control (FaM / MGb Probe, non-Primer limited), Part number 4333762F. Pre-manufactured assays were used (applied biosystems, Foster city, ca, uSa).
VEGFR
mrna analysis was performed using the abi PriSM 7900 HT fast real-time Pcr system (applied biosystems) according to standard procedures. all tests were run in triplicate. Standards and controls were analysed along with the samples. Standards used in the VeGFr-1 analysis consisted of an rna mixture from ten different cancer cell lines from qPcr Human reference Total rna (HrTr) (Stratagene, la Jolla, ca, uSa). rna from Human dermal Microvascular endothelial cells (cadMecs) (cell applications inc., uSa) was used for the VeGFr-2 analysis. Two different standards were necessary because the gene expression of VeGFr-2 was very low in the HrTr rna, as was that of VeGFr-1 in the cadMec rna. The standard curves were generated on the basis of eight different dilutions of the standards. Positive controls consisting of a known amount of rna and negative controls were included at the cdna synthesis step and served as controls for cdna synthesis. as the control for Pcr analysis, pooled cdna from tissue samples added to the analyses at the Pcr step was used.
Primers and probes were designed using Primer express version 3.0 (applied biosystems). Tests of the primers and probes regarding the recognition of genomic dna showed no gene amplification of genomic DNA. PCR products were analysed using gel electrophoresis. The VeGFr-1 and -2 products were 96 and 132-bp long, respectively. only the expected Pcr products were detected. The assay did not detect the soluble counterpart of VeGFr-1, sVeGFr-1. Primer and probe sequences are listed in Table i .
Extraction of proteins.
Tissue samples (10-50 mg), were homogenised using the ultra-turrax system (ika, Germany) at 4˚C, with 10 volume (w/v) buffer (20 mM Tris-HCl, 150 mM nacl, pH 7.4, 1 mM edTa, 10% glycerol and protease inhibitor cocktail) (cat. no. P8340; Sigma-aldrich, uSa). Triton x-100 was added after homogenisation at a final sample concentration of 1% (v/v) for the stabilisation of membrane-bound proteins. The Triton x-100 was only used under the protein extraction process, and hence did not affect the binding capacities of the standards or the controls during enzyme-linked immunosorbent assay (eliSa) analysis. For eliSa, lysates were mixed TaT GcT GGc aTG GTc T and incubated for 30 min at 4˚C, followed by centrifugation at 16000 x g for 10 min. after the recovery of the supernatants, protein concentration was determined using the bicinchorinic acid protein assay (Pierce, uSa 
Results
Patient characteristics. The clinicopathological characteristics of the 110 patients are listed in Table ii . The median age was 72 (range 41-91) years. in 2/3 of the cases, the tumour was located in the colon, and in 1/3 it was in the rectum. approximately 90% of the patients had T3 or T4 tumours, and fewer than half had lymph node metastasis.
VEGFR mRNA levels. crc tissue and corresponding normal colorectal tissue samples from 87 patients were available for mrna analysis using rT-Pcr. Table iii shows the differences between the median gene expression in the crc and normal colorectal tissue for VeGFr-1 and -2. The differences were highly significant (P<10 -6 ) for both receptors. Table iV shows differences in the distribution of clinicopathological characteristics according to the gene expression levels of both receptors with respect to age, gender, and tumour stage and location. low gene expression of VeGFr-2 in crc tissue was more common in patients with lower-stage disease than in patients with higher stages. The gene expression levels of VEGFR-1 were significantly lower in the rectal cancer patients compared to the colon cancer patients in normal tissue and tumour tissue. a similar trend was seen Table iii shows the differences between median protein concentrations in crc and normal colorectal tissue for VeGFr-1 and -2. The differences were highly significant (P<10 -6 ) for both receptors. according to the protein concentrations of the receptors, no differences in the distribution of clinicopathological characteristics with respect to age, gender, or tumour stage and location were found, with the exception of VeGFr-2 protein concentration in normal tissue, for which a lower protein concentration was detected in rectal cancer patients compared to colon cancer patients (P=0.0003; data not shown).
Gene expression Protein concentration (pg/mg) ------------------------------------------------------------------------------------------------------------------------------------------
Correlations between the receptors. A significant correlation was found between the gene expression and protein levels of VeGFr-1 in crc tissue (r=0.53, P<10 -4 ). The same cannot be said for VeGFr-2 (r=0.20, P=0.072). There were no correlations between the gene expression and protein levels of VEGFR-1 and -2 in normal tissue. A significant correlation was found between the gene expression of VeGFr-1 and -2 in crc tissue (r=0.57, P<10 -4 ) and normal colorectal tissue, (r=0.73, P<10 -4 ) (Fig. 1 ).
Discussion
The survival of patients with mcrc has increased due to the incorporation of drugs targeting the VeGF system into the chemotherapy regimens currently in use. However, much remains to be learnt regarding the biology of the VeGF system in order for this treatment modality to be improved. There is an increasing interest in the receptors of the VeGF system, but the potential clinical implication of receptor status remains more or less unknown. Furthermore, quantitative analyses at the protein level of VeGFr-1 and -2 in crc or normal colorectal tissue have not been previously performed. as a result, we decided to analyse VeGFr-1 and -2 at the gene expression and protein levels in crc and normal colorectal tissue. in the present study, analysis at the mrna level showed that the gene expression of both receptors was higher in crc tissue than in normal colorectal tissue. This is in agreement with a study by Hanrahan et al (71 crc patients, >80% in stages i-ii and none in stage iV; only 20 samples representing normal mucosa) in which the authors found the gene expression level of VeGFr-1 and -2 to be higher in crc tissue than in normal colorectal tissue (15) . in a study by andré et al (78 crc patients, stages i-iV; primarily patients <75 years) also showed (7, 16, 17) . in comparing the different studies, differences in the patient sample, especially the number of patients included, must be noted, and the results should therefore be interpreted with caution. Furthermore, differences in the methods of analysis may have affected the findings, and must be taken into account. lastly, tumour heterogeneity cannot be excluded.
The correlation between the low disease stage and the low gene expression of VeGFr-2, but not VeGFr-1, in crc tissue might indicate a difference in the influence of the two receptors at different stages of disease. in the present study, it appeared that VeGFr-2 gene expression was up-regulated during the advanced stages of disease. a similar trend was found in a study by di et al, where the VeGFr-2 gene expression carcinoma/ mucosa ratio increased from 0.4 in stage i to 1.4 in stage iV (P=0.11) (16) . Contrary to our findings, Hanrahan et al observed a significant increase in VEGFR-1 gene expression in stage iii patients compared to stage i+ii patients, and found no differences in the gene expression of VeGFr-2 according to stage (15) ; however, the number of patients sampled was rather small. it is worth noting that none of these three studies showed increased gene expression of any of the receptors during the lower stages of the disease. it would therefore appear that the gene expression of these two receptors is increased in the higher stages of crc compared to the lower stages. increases in tumour dependency on angiogenesis and in disease stage seem reasonable in light of current knowledge.
The present results also show that protein concentrations of VeGFr-1 and -2 were increased in crc tissue compared to normal colorectal tissue. The protein concentration of VeGFr-1 in crc tissue was increased by a factor of 3.6 compared to concentrations in normal colorectal tissue, while the corresponding factor for VeGFr-2 was 1.6. This is supported by the results of testing at the gene expression level. in the literature, we found no studies measuring VeGFr-1 or VeGFr-2 protein concentrations in crc and normal colorectal tissue using the quantitative eliSa technique. a few studies using semi-quantitative techniques, such as immunohistochemistry, found indications of higher VeGFr-2 protein expression in crc compared to normal colorectal tissue (18, 19) , but a direct comparison with our study is of course not possible due to the substantial differences in the techniques employed.
The higher concentrations of the receptors in crc tissue compared to normal colorectal tissue found underline the higher metabolic demands and angiogenetic activity known to exist in malignant tissue. Furthermore, the findings indicate that both receptors are of clinical importance in crc.
To some extent, lower gene expression levels and protein concentrations of VeGFr-1 and -2 were found in rectal cancer patients compared to colon cancer patients in both normal and tumour tissue. This implies the existence of differences in angiogenetic activity and microenvironmental conditions in relation to the VeGF system between colonic and rectal tissues. However, these results are only hypothesis generating, and should be confirmed in further studies.
For VEGFR-1, a significant correlation between gene expression and protein concentration was detected in crc tissue, while for VeGFr-2 only a trend was observed. a possible explanation for this finding could be a difference between the two genes in terms of the rate of activation and deactivation. Significant correlations between the gene expression of the receptors were detected in both tissues. a previous study by azuma et al showed a similar correlation between the gene expression of VeGFr-1 and -2 in tumour tissue from 36 patients with metastatic CRC (20) . The significant correlations between the gene expression of the receptors in both types of tissue in our study indicates that the gene expression of these two receptors is regulated at least in part by the same mechanisms, and that the isolated up-regulation of one receptor is uncommon.
This study has the standard limitations related to retrospective studies. The relatively small number of patients is also a limitation, but to date this study is the biggest reported to conduct the quantitative analysis of VeGFr-1 and VeGFr-2. Many of the results should be considered as hypothesis generating rather than facts, and validation in another cohort of patients is necessary.
in conclusion, the results indicate that the gene expression and protein concentration of VeGFr-1 and -2 are higher in crc tissue than in normal colorectal tissue. The gene expression of VeGFr-2 in crc tissue seems to be correlated with the stage of disease. Furthermore, correlations between the gene expression of both receptors were detected in the tissues, suggesting a uniform regulation. The possible clinical implications of these findings require further investigation.
